REMARKS 

Claims 15, 29, 30, and 33 are pending in this application. Claims 1-14, 16-28, 31, and 32 
have been cancelled by this or a previous amendment without prejudice or disclaimer of the 
subject matter therein. Claims 15, 29, and 30 have been amended, and claim 33 is newly 
presented. No new matter has been added. In view of the above amendments and the following 
remarks, reconsideration and further examination are requested. 

Initially, Applicants note that a number of minor clarifying and other editorial revisions 
have been made to the specification and abstract to facilitate further examination. No new matter 
has been added. Due to the number of revisions, a substitute specification and abstract are 
submitted herewith. Also enclosed is a marked-up version of the original specification and 
abstract showing the changes incorporated into the substitute specification and abstract. The 
enclosed marked-up version is captioned "Version with Markings to Show Changes Made, 

Claims 15 and 31 were rejected under 35 U.S.C. § 102(b) as being anticipated by Mori et 
al. (JP 2002-292523, which corresponds to U.S. 2002/0020630 1 ; hereinafter "Mori"). Claims 15 
and 29-32 were rejected under 35 U.S.C. § 102(b) as being anticipated by Kobata et al. (WO 
02/103771, which corresponds to U.S. 7, 101,465; hereinafter "Kobata"). Claims 29 and 30 were 
rejected under 35 U.S.C. § 102(b) as being anticipated Talieh et al. (U.S. 6,328,872; hereinafter 
Talieh). These rejections are believed to be inapplicable to the amended and new claims for at 
least the following reasons. 

Amended claim 15, as amended, recites a composite processing method comprising, inter 
alia, providing a mechanical processing section for processing a surface of a substrate by 
mechanical action, and an electrolytic processing section having a processing electrode with an 
ion exchanger; and processing the surface of the substrate with the mechanical and electrolytic 
processing sections by moving the substrate and the mechanical processing section relative to 
each other and moving the substrate and the processing electrode relative to each other while 
keeping the ion exchanger and the mechanical processing section in contact with the substrate, 

1 See Information Disclosure Statement filed September 16, 2005, at p.3. 
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such that the electrolytic processing section electrolytically processes the surface and the 
mechanical processing section removes a passive film formed during processing with the 
electrolytic processing section. Utilizing a mechanical processing section to remove a film 
produced during electrolytic processing as claimed facilitates low pressure, high rate processing, 
thereby yielding a flatter processed surface. Further, mechanically processing the substrate 
eliminates gas bubbles which tend to produce pits in the surface (Specification, p. 7-8). 

Amended claim 29 recites a composite processing method comprising, inter alia, 
processing a surface of a workpiece with a fixed-abrasive so as to produce a plurality of fine, 
removable scratches in an entirety of the surface; and processing the surface with an electrolytic 
processing section so as to remove the scratches and flatten the surface. Using a fixed abrasive 
to produce a plurality of scratches in the surface as claimed enables moderation of the electric 
field during electrolytic processing, so as to facilitate uniform and highly-flattening processing 
(Specification, p. 8-9). 

It is submitted that the references of record fail to disclose or suggested the composite 
processing methods recited in independent claims 15 and 29, and that such failure is consistent 
with the inability to provide the aforementioned advantages of the present invention. 

Mori does not disclose a composite processing method comprising using a mechanical 
processing section for processing a surface of a substrate by mechanical action and removing a 
passive film formed by an electrolytic processing section, as required by claim 15. Mori only 
describes an electrolytic processing method, wherein an electrochemical machining apparatus 
processes a workpiece with an electrolytic solution (Para. 0002). Figures 1 and 11-14, which 
were relied upon by the Examiner, illustrate an electrode (24, 234) and an ion exchanger (32, 
238) for being rotated against a workpiece (28) in the presence of water and an electric current to 
cause an oxidation reaction, which may form a film on the surface of the workpiece (Para. 0052- 
0058; 0100-0109). In other words, Mori does not contemplate removal of the film, particularly 
via a mechanical processing section, as specifically required by claim 15. 

Kobata also fails to disclose the provision and usage of a mechanical processing section 
for processing a surface of a substrate by mechanical action, as required by claim 15. The 
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portions of Kobata relied on by the Examiner, namely Figures 26-34 and columns 26-29, disclose 
an electrolytic processing section which electrolytically processes a surface of a workpiece (W) 
with an electrode section (e.g. 48) (Col. 25, line 15-Col. 27, line 33). Although Figures 31-34 
show an electrolytic processing device (36) further comprising a chemical mechanical processing 
device (CMP, 1 12) or a cleaning device (130), the CMP and cleaning devices are utilized after 
electrolytic processing (i.e. with the electrode and ion exchanger) is complete (Col. 27, lines 58- 
68; Col. 28, lines 25-32;Col. 27, line 34-Col. 28, line 46). In contrast to the present invention, 
the method of Kobata does not involve processing the substrate with the electrolytic and 
mechanical processing sections concurrently. Furthermore, Kobata does not disclose a means or 
process for removing a passive film. In other words, Kobata does not disclose processing the 
surface with mechanical and electrolytic processing sections while maintaining the ion 
exchanger and the mechanical processing section in contact with the substrate to remove a 
passive film formed by the electrolytic processing section, as specifically required by claim 15. 

Further, Talieh discloses a process involving polishing a substrate with electropolishing 
or chemical mechanical polishing (Abstract, Col. 5, lines 25-30), rather than a composite 
processing method comprising processing a substrate with mechanical and electrolytic 
processing sections while keeping both sections in contact with the substrate, as required by 
claim 15. 

The cited portions of Mori, Kobata, and Talieh also do not disclose the method recited in 
claim 29. As discussed above, Mori discloses an electrolytic processing method which does not 
involve a fixed-abrasive. Kobata discloses an electrolytic processing apparatus which, in some 
embodiments, includes a chemical mechanical polishing apparatus for polishing a workpiece by 
supplying an abrasive liquid to a polishing pad after completion of electrolytic processing. 
However, Kobata does not disclose providing a fixed abrasive, forming a plurality of fine, 
removable stratches in an entirety of the surface, and utilizing an electrolytic processing section 
to remove the scratches, as required by claim 29. Although Talieh discloses polishing a substrate 
with an abrasive mechanical polishing pad (18, 402) (Figs. 2-4; Col. 5, lines 25-30), Talieh also 
fails to disclose forming a plurality of fine, removable scratches in an entirety of the surface of 
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the substrate, and removing the scratches with an electrolytic processing section. 

In view of the above, it is believed apparent that Mori, Kobata, and Talieh each fail to 
anticipate independent claims 15 and 29. Furthermore, it is submitted that the differences are 
such that a person of ordinary skill in the art would not have found the claims obvious in view of 
Mori, Kobata, Talieh, or any of the other references of record. Therefore, it is submitted that 
claims 15 and 29, as well as claims 30 and 33 which depend therefrom, are patentable over the 
references of record. 

Accordingly, reconsideration and allowance of this application are now believed to be in 
order, and such actions are hereby solicited. If any points remain in issue which the Examiner 
feels may best be resolved through a personal or telephone interview, the Examiner is kindly 
requested to contact the undersigned at the telephone number listed below. 



KAM/MSH/lkd 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
September 30, 2008 



Respectfully submitted, 



Osamu NABEYA et al. 




Michael S. Huppert 
Registration No. 40,268 
Attorney for Applicants 
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DESCRIPTION 

COMPOSITE PROCESSING APPARATUS AND METHOD 

Technical Field 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates to a composite processing 
apparatus and method, and more particularly to a composite 
processing apparatus and method useful for flattening a 
surface of an electric conductor (conductive material) , such 
as copper, embedded in fine interconnect recesses provided 
in a surface of a substrate, in particular a semiconductor 
wafer, thereby forming embedded interconnects. 

Background Art 

2 . Description of the Related Art 

In recent years, instead of using aluminum or aluminum 
alloys as a material for forming circuits on a substrate 
such as a semiconductor wafer, there is an eminent movement 
towards using copper (Cu) which has a low electric 
resistivity and high electromigration resistance. Copper 
interconnects are generally formed by filling copper into 
fine recesses formed in a surface of a substrate. There arc 
known variouo Various techniques are known for forming such 
copper interconnects, including chemical vapor deposition 
(CVD) , sputtering, and plating. According to any such 
technique, a copper film is formed in the substantially 
entire surface of a substrate, followed by removal of 



unnecessary copper by chemical mechanical polishing (CMP) . 

FIGS . 1A through 1C illustrate-7 iH a sequence of 

process steps-7 — in an example— e# process for forming such a 
substrate W having copper interconnects. As shown in FIG. 
5 1A, an insulating film 2, such as an oxide film of Si0 2 or a 
film of low-k material, is deposited on a conductive layer 
la on a semiconductor base 1 on which semiconductor devices 
are. formed. Contact holes 3 and trenches 4 are formed in 
the insulating film 2 by performing a lithography/etching 
10 technique. Thereafter, a barrier layer 5 of TaN or the like 
is formed on the insulating film 2, and a seed layer 1— 1 , as 
an electric supply layer for oloctroplating electroplating, 
is formed on the barrier layer 5 by sputtering, CVD, or the 
like. 

15 Then, as shown in FIG. IB, copper plating is performed 

onto on the surface of the substrate W to fill the contact 
holes 3 and the trenches 4 with copper — and, ; and, at the 
same time, deposit — a copper film 6 is deposited on the 
insulating film 2. Thereafter, the copper film 6, the seed 

20 layer 7 and the barrier layer 5 on the insulating film 2 are 
removed by chemical mechanical polishing (CMP) so as to make 
the surface of the copper film 6 filled in the contact holes 
3 and the trenches 4, and the surface of the insulating film 
2 lie substantially on the same plane. Interconnects 

25 composed of the copper film 6 are thus formed in the 
insulating film 2, as shown in FIG. 1C. 

Components in various types of equipments — equipment 
have recently become finer and have required higher 
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accuracy. As sub-micron manufacturing technology is 

becoming common, the properties of materials are more and 
more influenced by the processing method. Under these 
circumstances, in ouch a conventional machining method that 
in which a desired portion in a workpiece is physically 
destroyed and removed from a surface thereof by a tool, a 
large number of defects may be produced to deteriorate the 
properties of the workpiece. Therefore, it becomes 

important to perform processing without deteriorating the 
10 properties of the materials. 

Some processing methods, such as chemical polishing, 
electrolytic processing and electrolytic polishing, have 
been developed in order to solve this problem. In 
contraat contrast , with the conventional physical processing, 
15 these methods perform removal processing or the like through 
chemical dissolution reaction. Therefore, these methods do 
not suffer from defects, such as formation of a damaged 
layer and dislocation, due to plastic deformation, so that 
processing can be performed without deteriorating the 
20 properties of the materials. 

An electrolytic processing method using an ion 
exchanger has been developed. This method comprises 
bringing an ion exchanger mounted on a processing electrode 
and an ion exchanger mounted on a feeding electrode into 
25 contact with or close to a workpiece, and applying a voltage 
from a power source to between the processing electrode and 
the feeding electrode while supplying a liquid, such as 
ultrapure water, te — between the processing and feeding 



electrodes and the workpiece from a liquid supply section to 
carry out removal processing of a surface layer of the 
workpiece . 

Such a conventional electrolytic processing using an 
ion exchanger involves the following problems . A processed 
material is taken in the ion exchanger during electrolytic 
processing, and there is a limit on the take-in amount of 
processed material per unit time. Further, there is a need 
for regeneration or a change of the ion exchanger, which 
will lower the throughput. In the case of electrolytic 
processing (polishing) of a copper film using an ion 
exchanger and electrodes (a processing electrode and a 
feeding electrode) , copper is considered to be directly 
taken in the ion exchanger. In some cases, however, a 
passive film of e.g. Cu 2 0 or CuO is formed in the surface of 
a copper film during electrolytic processing. Such a 
passive film is physically soft and is non- conductive-? — and 
ean — therefore — be — and , therefore , poorly removed by 
electrolytic processing. The conventional electrolytic 
processing also entails the problem of the formation of pits 
(small holes) in a processed surface of a workpiece 
depending upon the type of the workpiece, the processing 
conditions, and the like. 

Chemical A chemical mechanical polishing (CMP) process, 
for example, generally necessitates a complicated operation 
and control, and needs a considerably long processing time. 
In addition, a sufficient post-cleaning of a polished 
surface must be conducted after the polishing treatment. 
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This also imposes a considerable load on the slurry or 
cleaning liquid waste. Accordingly, there is a strong 
demand for omitting CMP entirely or reducing a ^the load upon 
CMP. Also in this connection, it is to be pointed out that 
though a low-k material , material which has a low dielectric 
constant-; — is- is expected to be predominantly used in the 
future as a material for the insulating film, the low-k 
material has a low mechanical strength and therefore io hard 
te — endure — , therefore, has difficulty enduring the stress 
10 applied during CMP processing. Thus, also from this 
standpoint, there is a demand for a process that enables the 
flattering — flattening of a substrate without giving any 
stress thereto. 

Further, a method has been reported which performs CMP 
15 processing simultaneously with plating, viz. chemical 
mechanical electrolytic polishing. According to this 
method, the mechanical processing is carried out to the 
growing surface of a plating film, causing the problem of 
denaturing of the resulting film. 
20 In the case of the above-mentioned conventional 

electrolytic processing or electrolytic polishing, the 
process proceeds through an electrochemical interaction 
between a workpiece and an electrolytic solution (aqueous 
solution of NaCl, NaN0 3/ HF, HC1, HN0 3 , NaOH, etc.). Though 
25 a glossy surface or mirror surface can be formed with these 
methods, a uniform or even surface of sub-micron level 
cannot be oatiof icd obtained . This holds true for composite 
electrolytic polishing for electrolytically polishing using 



a slurry of an electrolytic solution containing abrasive 
grains . 

Diocloouro of Invention 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above situation in the background — prior art. It is 
therefore a first object of the present invention to provide 
a composite processing apparatus and method which can 
securely process a conductive material, such as a copper 
film, at a low surface pressure and a high rate while 
effectively preventing the formation of pits. 

It is a second object of the present invention to 
provide a composite processing apparatus and method which 
can flatly process a surface conductive material of a 
substrate or remove (clean off) aR-extraneous matter from a 
surface of a workpiece, such as a substrate, thus entirely 
eliminating a CMP processing or minimizing the load on CMP 
processing. 

In order to achieve the above objects, the present 
invention provides a composite processing apparatus 
comprising: a substrate holder for holding a substrate; a 
processing table including a mechanical processing section 
for processing a surface of the substrate by a processing 
method involving a mechanical action, and an electrolytic 
processing section, provided separately from the mechanical 
processing section and having a processing electrode 
provided with an ion exchanger, for processing the substrate 
by applying a voltage between the processing electrode and 
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the substrate while keeping the ion exchanger in contact 
with the substrate; a liquid supply section for supplying a 
liquid between the substrate and the processing electrode, 
and between the substrate and the mechanical processing 
section; and a drive section for moving the substrate and 
the processing table relative to each other. 

According to this composite processing apparatus, a 
physically soft and non- conductive passive film, which has 
bccn is formed in a surface of a substrate during processing 
by the electrolytic processing section, can be removed by 
the mechanical processing section, and subsequently the 
processed surface can be re-processed by the electrolytic 
processing section. This enables a low-surface pressure, 
high-rate processing. Further, by mechanically processing 
the substrate surface with the mechanical processing 
section, gas bubbles adhering to the substrate surface can 
also be removed together with the passive film. This can 
prevent the formation of pits which would be caused by the 
adhesion of gas bubbles to the substrate surface. 

In a preferred embodiment of the present invention, 
during the relative movement between the substrate and the 
processing table, the processing electrode passes a portion 
of the substrate to be processed— ef — fefee — substrate which is 
held by the substrate holder, and the mechanical processing 
section subsequently passes the portion of the substrate to 
be processed. 

Electrolytic processing with the electrolytic 
processing section and mechanical processing with the 
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mechanical processing section can thus be carried out 
alternately and successively. 

Preferably, the mechanical processing section passes 
the portion of the substrate to be processed — e£ — fefee 
substrate within one second after the processing electrode 
has passed the portion to be processed. 

This enables a passive film, which has becn is formed in 
the surface of the substrate during processing by the 
processing electrode of the electrolytic processing section, 
to be removed promptly by mechanical processing of the 
mechanical processing section, thereby flattening the 
surface of the substrate. 

The mechanical processing section may have a processing 
surface composed of a fixed abrasive. 

This makes it possible to carry out electrolytic 
processing with the electrolytic processing section and 
mechanical processing with the mechanical processing section 
simultaneously — aed — on j oy — both — fefee — merits and, thereby, 
obtain the benefits of electric processing and the merits 
benefits of mechanical processing with a fixed abrasive by 
solely using pure water as a processing liquid, i.e. without 
using a slurry containing abrasive grains. This can 
facilitate post-processing, such as cleaning, of the 
substrate and treatment of the waste liquid. 

The mechanical processing section may have a processing 
surface composed of a polishing pad, and a slurry supply 
section for supplying a slurry to the processing surface. 

In a preferred embodiment of the present invention, the 



processing table includes -fetee — a number of p rocessing 
electrode — and — the electrodes, a number of mechanical 

processing section both in numbers and further 

includca sections , and a number of feeding electrodes for 

feeding electricity to the substrate-? and — fehe — The 

processing electrodes and the feeding electrodes are 
disposed alternately at regular intervals — and , and each 
processing electrode is disposed between adjacent mechanical 
processing sections . 

Preferably, the processing table makes a scroll 
movement (i.e., translational movement) . 

In a preferred embodiment of the present invention, the 
processing table has a disk- like shape, the processing 
electrode extends in the radial direction of the processing 
table, and the feeding electrodes for feeding electricity to 
the substrate are disposed on both sides of the processing 
electrode . 

The present invention provides another composite 
processing apparatus comprising: a substrate holder for 
holding a substrate; a processing table including a fixed- 
abrasive processing section for polishing a surface of the 
substrate by a processing method involving a mechanical 
action by a fixed abrasive containing abrasive grains, and 
an electrolytic processing section, separately provided from 
the fixed-abrasive processing section and having a 
processing electrode, for processing the substrate by 
applying a voltage between the processing electrode and the 
substrate; a drive section for moving the substrate and the 



10 

processing table relative to each other; and a liquid supply 
section for supplying a liquid between the substrate and the 
processing electrode, and between the substrate and the 
fixed abrasive. 

The present invention provides a composite processing 
method comprising: separately providing a mechanical 
processing section for processing a surface of a substrate 
by a processing method involving a mechanical action, and an 
electrolytic processing section, having a processing 
electrode provided with an ion exchanger, for processing the 
substrate by applying a voltage between the processing 
electrode and the substrate while keeping the ion exchanger 
in contact with the substrate; and carrying out processing 
of a surface of a substrate by moving the substrate and the 
mechanical processing section relative to each other, and 
moving the substrate and the processing electrode relative 
to each other. 

The present invention provides yet another composite 
processing apparatus comprising: a holder for holding a 
workpiece; a fixed-abrasive processing section for 
processing a surface of the workpiece by a processing method 
involving a mechanical action by a fixed abrasive containing 
abrasive grains; an electrolytic processing section, having 
a processing electrode capable of coming close to the 
workpiece and a feeding electrode for feeding electricity to 
the workpiece, for processing the workpiece by applying a 
voltage between the processing electrode and the feeding 
electrode; a power source for applying the voltage between 
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the processing electrode and the feeding electrode; a liquid 
supply section for supplying a liquid between the workpiece 
and the processing electrode and/or the feeding electrode, 
and/or between the workpiece and the fixed-abrasive 
processing section; and a drive section for moving the 
workpiece and the fixed- abrasive processing section relative 
to each other, and moving the workpiece and the electrolytic 
processing section relative to each other. 

FIG. 2 illustrates the mechanism of processing 
according to the present invention. In FIG. 2 is shown a 
processing system in which a fixed abrasive 14 of a fixed- 
abrasive processing section 12 is disposed in contact with a 

surface of a workpiece 10-r an d; and an electrolytic 

processing section 20, including a processing electrode 16 
capable of coming close to the workpiece 10 and a feeding 
electrode 18, is disposed such that the processing electrode 
16 is close to the surface of the workpiece 10 and the 
feeding electrode 18 is in contact with the surface of the 
workpiece IO-7 — and — ifi — which — a — A liquid 26, such as an 
electrolytic solution, is being — supplied from a liquid 
supply section 24 to between the processing electrode 16, 
the feeding electrode 18 and the workpiece 10 while— applying 
a voltage from a power source 22 to between the processing 
electrode 16 and the feeding electrode 18. The liquid 26 
used in the system may be a common electrolytic solution 
that is generally employed in conventional electrolytic 
processing. The concentration, type, etc. of the 

electrolytic solution are not particularly limited and may 
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be appropriately selected depending on the workpiece 10. 

Either the workpiece 10 — ene, or at least one of the 
processing electrode 16, the feeding electrode 18 and the 
fixed abrasive 14, or both of them are moved so that the 
surface of the workpiece 10 in contact with the fixed 
abrasive 14 is mechanically polished, while the surface of 
the workpiece 10^ — facing facing the processing electrode 16- 
is electrolytically processed. Mechanical processing by 
the fixed-abrasive processing section 12 and electrochemical 
10 processing by the electrolytic processing section 20 are 
thus carried out simultaneously. 

In a conventional composite electrolytic polishing 
process using a slurry- like electrolytic solution containing 
abrasive grains,— an extensive cleaning of a^ the workpiece is 
15 necessary after electrolytic processing in order to remove 
impurities, such as abrasive grains, adhering to the 
workpiece. According to the present invention, the use of 
the fixed abrasive 14 containing abrasive grains therein can 
materially reduce the load on cleaning. 
20 In a preferred embodiment of the present invention, the 

processing electrode and/or the feeding electrode is 
provided with an ion exchanger to be disposed between the 
electrode and the workpiece. 

FIG. 3 A shows a processing system in which an ion 
25 exchanger 28a is mounted on the workpiece 10 side surface of 
a processing electrode 16 and an , an ion exchanger 28b is 
mounted on the workpiece 10 side surface of a feeding 
electrode 18, and the ion exchangers 28a, 28b have been 



brought into contact with a surface of a workpiece 10. FIG. 
3B shows a processing system in which the ion exchanger 28a 
is mounted only on the workpiece 10 side surface of the 
processing electrode 16, and the ion exchanger 28a and the 
feeding electrode 18 have been brought into contact with a 
surface of a workpiece 10. Similarly Similarly, as in the 
above-described system, a liquid 26, which in these systems 
may be ultrapure water, is supplied from a liquid supply 
section 24 — between the processing electrode 16, and 
between the feeding electrode 18 and the workpiece 10 while 
applying a voltage from the power source 22 to between the 
processing electrode 16 and the feeding electrode 18, and 
moving e.g. — the workpiece 10 relative to the fixed -abrasive 
processing section and the electrolytic processing section , 
thereby carrying out mechanical polishing with the fixed 
abrasive 14 of the fixed-abrasive processing section 12 and 
electrochemical processing with the processing electrode 16 
of the electrolytic processing section 20 simultaneously. 

The ion exchangers 28a, 28b, mounted to the processing 
and feeding electrodes 16 and 18 according to necessity, can 
promote the dissociation of water molecules into hydrogen 
ions and hydroxide ions, thus increasing the dissociation 
amount of water molecules . This enables electrolytic 
processing using ultrapure water or the like as a processing 
liquid. 

In a preferred embodiment of the present invention, 
during the relative movement between the workpiece and the 
fixed-abrasive processing section, and the relative movement 



between the workpiece and the electrolytic processing 
section, the fixed-abrasive processing section passes a 

portion of the workpiece to be processed ef fcfee 

workpiccG which is held by the substrate holder, and the 
electrolytic processing section subsequently passes the 
portion of the workpiece to be processed. 

Defects such as scratches and pits, produced in the 
surface of the workpiece by mechanical polishing with the 
fixed abrasive, can be removed by electrolytic processing. 

In a preferred embodiment of the present invention, the 
composite processing apparatus includes at least two types 
of the fixed-abrasive processing section comprising fixed 
abrasives having different surface roughnesses. 

This makes it possible to carry out processing of a 
workpiece by processing the workpiece with a fixed-abrasive 
processing section comprising a fixed abrasive having a 
large surface roughness, and shifting the processing to 
processing with a fixed-abrasive processing section 
comprising a fixed abrasive having a small surface roughness 
roughness, so as to obtain a scratch-free processed surface. 

The fixed abrasive preferably has a surface roughness 
of not more than 10 jam. 

Mechanical polishing with a fixed abrasive involves the 
formation of defects, such as scratches having a depth, 
pits, etc. in a surface of a workpiece. The Preferably, the 
defects should desirably — be of such a degree as can be 
removed by electrolytic processing. It has been confirmed 
that polishing of a copper surface with a fixed abrasive 
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having a surface roughness of 10 jam, as carried out at a 
surface pressure of 10 psi (69 KPa) , produces scratches 
having a depth of about 0.3 to 0.5 pm in the copper surface. 
Polishing of a copper surface at the same surface pressure 
but using a fixed abrasive having a surface roughness of 5 
|im produces scratches having a depth of about 0.2 to 0.3 \im. 
The depth of scratches that can be removed by electrolytic 
processing is around 0.3 pm, preferably less than 0.3 pm. 
Accordingly, in order to carry out boot — the most uniform 
10 mechanical polishing with a fixed abrasive and obtain a 
cleaner processed surface by electrolytic processing, the 
grain size of the abrasive grains contained in the fixed 
abrasive -ie— are desirably not more than 10 ]im. 

Pure water, a liquid having an electric conductivity of 
15 not more than 500 ]iS/cm or an electrolytic solution may be 
used as the liquid. 

Pure — water " Pure water" refers to water having an 
electric conductivity (at 1 atm and 25 °C) of o.g. — not more 
than 10 pS/cm, for example. When pure water, more 
2 0 preferably a liquid (e.g. ultrapure water) having an 
electric conductivity of not more than 0.1 pS/cm, is used, a 
layer having a function of uniformly suppressing migration 
of ions is formed at the interface between a workpiece and 
e.g. an ion exchanger. The formation of such a layer can 
25 moderate the concentration of ion exchange (dissolution of 
metal) , thereby improving the flatness of the processed 
surface . 

The use of pure water or the like in carrying out 
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electrolytic processing enables— a clean processing without 
any impurities on the processed surface, and can therefore 
simplify a cleaning process after electrolytic processing. 

Preferably, an ion exchanger is disposed between the 
processing electrode and the workpiece, and a separate ion 
exchanger is disposed between the feeding electrode and the 
workpiece . 

This can prevent a short circuit between the processing 
electrode and the feeding electrode, and can enhance the 
processing efficiency. 

Preferably, a pressure of not more than 10 psi (69 kPa) 
is applied between the workpiece and at least one of the 
processing electrode, the feeding electrode and the fixed 
abrasive . 

A force applied to the electrodes (processing electrode 
and feeding electrode) or to the fixed abrasive , abrasive 
acts as a surface pressure on the workpiece. The processing 
rate and the processing profile are determined especially by 
the pressure between the processing electrode and the 
workpiece or the pressure between the fixed abrasive and the 
workpiece. For a relatively soft metal, such as copper 
interconnects, or a porous low-k material, it is desirable 
to apply a low surface pressure so as to suppress the 
formation of scratches. 

The present invention mainly uses electrolytic 
processing (electrochemical processing) , which involves 
little formation of scratches, and uses mechanical 
processing with a fixed abrasive as an auxiliary means to 
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provide fine scratches in a surface of a workpiece. Thus, a 
fixed abrasive is not used for mechanical polishing. By 
providing fine scratches in eR — the entire surface of a 
workpiece by mechanical processing with a fixed abrasive, a 
local concentration of electric field in electrolytic 
processing can be moderated, thus enabling — a uniform, 
highly- flat processing. 

The depth of scratches provided in a workpiece is 
determined by the surface roughness of the fixed abrasive 
and the surface pressure. As described above, the depth of 
scratches provided in a copper surface can be made not more 
than about 0.3 to 0.5 ym by carrying out polishing at a 
surface pressure of not more than 10 psi using a fixed 
abrasive having a surface roughness of not more than 10 jam. 

In a preferred embodiment of the present invention, the 
fixed-abrasive processing section and/or the electrolytic 
processing section moves closer to or away from the 
workpiece . 

According to this embodiment, for example, after 
processing a workpiece with the fixed-abrasive processing 
section by bringing it into contact with the workpiece, the 
fixed- abrasive processing section and/or the electrolytic 
processing section is so moved as to process the workpiece 
only with the electrolytic processing section. 

The present invention provides yet another composite 
processing apparatus comprising: a holder for holding a 
workpiece; a mechanical processing section for processing a 
surface of the workpiece by a processing method involving a 



mechanical action; an electrolytic processing section, 
having a processing electrode provided with an ion exchanger 
and capable of coming close to the workpiece and a feeding 
electrode for feeding electricity to the workpiece, for 
processing the workpiece by applying a voltage between the 
processing electrode and the feeding electrode; a liquid 
supply section for supplying a liquid between the workpiece 
and the electrolytic processing section, and/or between the 
workpiece and the mechanical processing section; and a drive 
section for moving the workpiece and the mechanical 
processing section relative to each other, and moving the 
workpiece and the electrolytic processing section relative 
to each other. 

The present invention provides another composite 
processing method comprising: providing a fixed-abrasive 
processing section for processing a surface of a workpiece 
by a processing method involving a mechanical action by a 
fixed abrasive containing abrasive grains, and an 
electrolytic processing section, having a processing 
electrode and a feeding electrode, for processing the 
workpiece by applying a voltage between the processing 
electrode and the feeding electrode; and carrying out 
processing of a surface of a workpiece by moving the 
workpiece and the fixed-abrasive processing section relative 
to each other, and moving the workpiece and the electrolytic 
processing section relative to each other. 

After processing the workpiece with the fixed-abrasive 
processing section by bringing it into contact with the 



19 

workpiece, the workpiece may be processed only with the 
electrolytic processing section. 

The present invention provides yet another composite 
processing method comprising: providing a mechanical 
processing section for processing a surface of a workpiece 
by a processing method involving a mechanical action, and an 
electrolytic processing section, having a processing 
electrode provided with an ion exchanger, for processing the 
workpiece by applying a voltage between the processing 
electrode and the workpiece while keeping the ion exchanger 
in contact with the workpiece; and carrying out processing 
of a surface of a workpiece by moving the workpiece and the 
mechanical processing section relative to each other, and 
moving the workpiece and the electrolytic processing section 
relative to each other. 

Brief Description of Drawingg 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A through 1C are diagrams illustrating-? — in a 
sequence of proccoo — steps— — in an example process for 
forming a substrate having copper interconnects; 

FIG. 2 is a diagram illustrating a basic processing 
system in which a fixed -abrasive processing section 
comprising a fixed abrasive, and an electrolytic processing 
section comprising a processing electrode and a feeding 
electrode are disposed on a surface of a workpiece to carry 
out processing of the surface; 

FIG. 3A is a diagram illustrating a basic processing 
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system having the same construction as the system e# 
illustrated inv FIG. 2 — fewte — mounting , except that an ion 
exchanger is mounted on the processing electrode and the 
feeding electrode of the electrolytic processing section; 

FIG. 3B is a diagram illustrating a basic processing 
system having the same construction as the system e£ 
illustrated in FIG.3A — but — mounting , except that the ion 
exchanger is only mounted on the processing electrode; 

FIG. 4 is a layout plan view of a substrate processing 
10 apparatus incorporating a composite processing apparatus 
according to an embodiment of the present invention; 

FIG. 5 is a plan view schematically showing the 
composite processing apparatus of the substrate processing 
apparatus shown in FIG. 4; 
15 FIG. 6 is a vertical sectional view of FIG. 5; 

FIG. 7A is a plan view showing the rotation-preventing 
mechanisms of the composite processing apparatus ef — shown in 
FIG. 5; 

FIG. 7B is a cross-sectional view taken along line A-A 
2 0 Of FIG. 7A; 

FIG. 8 is an enlarged view of the main portion of the 
composite processing apparatus shown in FIG. 5; 

FIG. 9 is an enlarged view of the main portion of the 
composite processing apparatus shown in FIG. 5 during 
25 processing; 

FIG. 10A is a graph showing the relationship between 
the electric current and time — time, as observed in the 
electrolytic processing of a surface of a substrate having a 
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surface film composed of two different materials; 

FIG. 10B is a graph showing the relationship between 
the voltage applied and time — time, as observed in the 
electrolytic processing of the surface of the substrate 
having the surface film composed of two different materials; 

FIG. 11 is a cross-sectional diagram schematically 
showing a composite processing apparatus according to 
another embodiment of the present invention; 

FIG. 12 is a plan view of a processing table of the 
composite processing apparatus shown in FIG. 11; 

FIG. 13 is a layout plan view of a substrate processing 
apparatus incorporating a composite processing apparatus 
according to yet another embodiment of the present 
invention; 

FIG. 14 is a plan view schematically showing the 
composite processing apparatus of the substrate processing 
apparatus shown in FIG. 13; 

FIG. 15 is a plan view of a processing table of the 
composite processing apparatus shown in FIG. 14; 

FIG. 16 is a cross- sectional view along the 
circumferential direction of FIG. 15; 

FIG. 17 is a plan view of another processing table; 

FIG. 18 is a plan view of yet another processing table; 

FIG. 19 is a perspective view of a composite processing 
apparatus according to yet another embodiment of the present 
invention; 

FIG. 2 0 is a plan view of a processing table of the 
composite processing apparatus shown in FIG. 19; 
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FIG. 21 is a graph showing the relationship between the 
position on the wafer and the removal amount for the wafer 
samples of Examples 1 and 2, and Comparative Example; 

FIG. 22 shows laser micrographs of the wafer surfaces 
after processings — processing in accordance with Examples 1 
and 2 ; and 

FIG. 23 shows laser micrographs of the wafer surfaces 

after mechanical processings processing and after 

electrolytic processings — processing in accordance with 
Examples 3 and 4 . 

Best Mode for Carrying Out the Invention 
DETAILED DECRIPTION OF THE INVENTION 

Preferred embodiments of the present invention will now 
be described with reference to the drawings. The following 
embodiments relate to application of the present invention 
to a composite processing apparatus for processing 
(polishing) a substrate used as a — the workpiece . The 
present invention, however, is of course applicable to other 
than the substratc workpieces . 

FIG. 4 is a plan view showing the construction of a 
substrate processing apparatus incorporating a composite 
processing apparatus according to a first embodiment of the 
present invention. As shown in FIG. 4, the substrate 
processing apparatus comprises a pair of loading/unloading 
sections 30 as a carry- in and carry- out section for carrying 
in and carrying out a cassette housing a substrate, e.g. a 
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substrate W having a copper film 6 as a conductive film 
(portion to be processed) in the surface as shown in FIG. 
±B- rlB; a reversing machine 32 for reversing the substrate 
W-pW; and a composite processing apparatus 34. These devices 
are disposed in series. A transport robot 3 6 as a transport 
device, which can move parallel to these devices for 
transporting and transferring the substrate W therebetween, 
is provided. The substrate processing apparatus is also 
provided with a monitor section 38, disposed adjacent to the 
loading/unloading sections 30, for monitoring a voltage 
applied between the bellow dcocribod processing electrodes 
and the feeding electrodes during electrolytic processing in 
the composite processing apparatus 34, or an electric 
current flowing therebetween. 

FIG. 5 is a plan view schematically showing the 
composite processing apparatus according to an embodiment of 
the present invention, and FIG. 6 is a vertical sectional 
view of FIG. 5. As shown in FIGS. 5 and 6, the composite 
processing apparatus 34 of this embodiment includes an arm 
4 0 that can move vertically and make a reciprocation 
movement in a horizontal plane, a substrate holder 42, 
supported at the free end of the arm 40, for attracting and 
holding the substrate W with its front surface (surface to 
be processed) facing downward (face down) , a moveable flame 
frame 44 to which the arm 40 is attached, a rectangular 
processing table 46, and a power source 48 to be 
electrically connected to bellow deocribed — the p rocessing 
electrodes 86 and feeding electrodes 88 provided on the 
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processing table 46. In this embodiment, the processing 
table 46 is designed to have a slightly larger diameter than 
that of the substrate W to be held by the substrate holder 
42 . 

A vertical -movement motor 50 is mounted on the upper 
end of the moveable flame frame 44. A ball screw 52, which 
extends vertically, is connected to the vertical-movement 
motor 50. The base 40a of the arm 40 is engaged with the 
ball screw 52, and the arm 40 moves up and down via the ball 
screw 52 by the actuation of the vertical -movement motor 50. 
The moveable flame frame 44 is connected to a ball screw 54 
that extends horizontally, and the moveable flame frame 44 
and the arm 4 0 move back-and- forth in a horizontal plane by 
the actuation of a reciprocating motor 56. 

The substrate holder 42 is connected to a rotating 
motor 5 8 supported at the free end of the arm 40. The 
substrate holder 42 is rotated (about its own axis) by the 
actuation of the rotating motor 58. The arm 40 can move 
vertically and make a reciprocation movement in the 
horizontal direction, as described above, and the substrate 
holder 42 can move vertically and make a reciprocation 
movement in the horizontal direction integrated with the arm 
40 . 

A hollow motor 60 is disposed below the processing 
table 46. A drive end 64 is provided on a main shaft £4—62 
of the hollow motor 60 and arranged eccentrically position 
with respect to the center of the main shaft 62. The 
processing table 46 is rotatably connected, via a bearing 



(not shown), to the drive end 64 at its central portion. 
Three or more of rotation-prevention mechanisms are provided 
in the circumferential direction between the processing 
table 46 and the hollow motor 60. Accordingly, the 
5 processing table 4 6 is allowed to make a scroll movement 
(translational movement) by the actuation of the hollow 
motor 64 . 

FIG. 7A is a plan view of the rotation-prevention 
mechanisms of this embodiment, and FIG. 7B is a cross - 

10 sectional view taken alone line A- A of FIG. 7A. As shown in 
FIGS. 7A and 7B, three or more (four in FIG. 7A) of the 
rotation-prevention mechanisms 66 are provided in the 
circumferential direction between the processing table 46 
and the hollow motor 60. As shown in FIG. 7a, a plurality 

15 of depressions 68, 70 are formed at equal intervals in the 
circumferential direction at the corresponding positions in 
the upper surface of the hollow motor 60 and in the lower 
surface of the processing table 46. Bearings €8-, — 7 Q72, 74 
are fixed in each depression 68, 70 respectively. A 

2 0 connecting member 80, which has two shafts 76, 7 8 that are 
eccentric to each other by eccentricity "e" , is coupled to 
each pair of the bearings 72, 74 by inserting the respective 
ends of the shafts 76, 78 into the bearings 72, 74. 
Further, the eccentricity of the drive end 64 to the main 

25 shaft 62 of the hollow motor 60 is also "e" . Accordingly, 
the processing table 46 makes a revolutionary movement with 
the distance u e" between the center of the main shaft 62 and 
the drive end 64 as radius, without rotation about its own 



axis, i.e. the so-called scroll movement ( trans lational 
rotation) by the actuation of the hollow motor 60. 

A description will now be given of the processing table 
46 of this embodiment. As shown in FIG. 5, the processing 
5 table 4 6 of this embodiment has a plurality of mechanical 
processing sections 82, and a plurality of processing 
electrodes 86 and feeding electrodes 88, constituting 
electrolytic processing sections 84. FIG. 8 is a vertical 
sectional view of the processing table 46. As shown in FIG. 

10 8, the processing table 46 includes a tabular base 90. The 
processing electrodes 8 6 and feeding electrodes 88, both 
extending in the X direction (see FIG. 5) , are arranged 
alternately at regular intervals on the upper surface of the 
base 90. On either side of each feeding electrode 88 are 

15 disposed mechanical processing sections 82 extending in the 
X direction (see FIG. 5). The upper surface of each 
processing electrode 8 6 is covered with an ion exchanger 92 
having a semicircular cross-section. 

According to this embodiment, the above -described 

20 rotational radius "e" of scroll movement of the processing 
table 4 6 is set to be equal to the distance B between each 
processing electrode 86 and its adjacent feeding electrode 
88 — and , and longer than the distance Si between each 
processing electrode 86 and its adjacent mechanical 

25 processing section 82 (B = e > Si) . This allows a 
mechanical processing section 82 to pass a portion of a 
substrate after a processing electrode 86 has passed that 
portion. 



Consider now one processing electrode 86 in 
electrolytic processing of a substrate W. The processing 
proceeds only in that portion of the substrate W which is 
close to or in contact with the ion exchanger 92 on the 
5 processing electrode 86. Further, the electric field 
concentrates at the end portions in the width direction of 
the processing electrode 86. Accordingly, the processing 
rate is high around the end portions in the width direction 
of the processing electrode 86 compared to the central 
10 portion. 

The processing amount thus varies with respect to one 
processing electrode 86. According to this embodiment, as 
described above, the processing table 46 is allowed to make 
a scroll movement so that the substrate W and the processing 

15 electrodes 86 make a relative reciprocating movement in the 
Y direction (see FIG. 5) , thereby reducing the variation in 
the processing amount. Though the variation in the 
processing amount can be reduced by the scroll movement, it 
cannot be completely eliminated. 

2 0 According to this embodiment, in addition to the above- 

described scroll movement (first relative movement) , the 
substrate holder 42 is moved in the Y direction (see FIG. 5) 
for a predetermined distance during electrolytic processing 
to allow the substrate W and the processing electrodes 86 to 

25 make a second relative movement, thereby eliminating the 
above -described variation in the processing amount. It is 
noted in this regard that when only the scroll movement 
(first relative movement) is carried out in electrolytic 



processing, a variation in the processing amount of the 
substrate W is produced in the Y direction, and the same 
processing amount distribution profile appears at every 
pitch P (see FIG. 8) of the processing electrodes 86. 
5 According to this embodiment, during electrolytic 
processing, the reciprocating motor 56 is actuated to move 
the arm 4 0 and the substrate holder 42 in the Y direction 
for a distance corresponding to an integral multiple of the 
pitch P, thereby carrying out the second relative movement 

10 between the substrate W and the processing electrodes 86. 
By thus carrying out the second relative movement together 
with the first relative movement, it becomes possible to 
process the entire surface of the substrate W uniformly. It 
is preferred that the speed of the second relative movement 

15 be constant. 

It is possible to repeat the second relative movement 
so that the substrate W reciprocates relative to the 
processing electrodes 86 in the Y direction. In this case, 
though the moving distance of the forward movement and that 

2 0 of the backward movement both should correspond to an 
integral multiple of the above-described pitch P, the two 
moving distances may not necessarily be made equal. For 
example, the moving distance of the forward movement may be 
twice the pitch P, and that of the backward movement may be 

25 equal to the pitch P. 

The above-described ion exchanger 92 may be composed of 
a non-woven fabric that has an anion- exchange group or a 
cation-exchange group. A cation exchanger preferably 



carries a strongly acidic cation-exchange group (sulfonic 
acid group) ; however, a cation exchanger carrying a weakly 
acidic cation-exchange group (carboxyl group) may also be 
used. Though an anion exchanger preferably carries a 
5 strongly basic anion- exchange group (quaternary ammonium 
group) , an anion exchanger carrying a weakly basic anion - 
exchange group (tertiary or lower amino group) may also be 
used. The base material of the ion exchangers 92 may be a 
polyolefin such as polyethylene or polypropylene, or any 

10 other organic polymer. Further, besides the form of a non- 
woven fabric, the ion exchangers may be in the form of a 
woven fabric, a sheet, a porous material, or short fibers, 
etc. A non-woven ion exchanger may be disposed inside the 
ion exchanger 92 to enhance the elasticity. 

15 The non-woven fabric carrying a strongly basic anion- 

exchange group can be prepared by, for example, the 
following method : method. A polyolefin non-woven fabric 
having a fiber diameter of 20-50 pm and a porosity of about 
90% is subjected to the so-called radiation graft 

20 polymerization, comprising y -ray irradiation onto the non- 
woven fabric and the subsequent graft polymerization, 
thereby introducing graft chains; and the graft chains thus 
introduced are then aminated to introduce quaternary 
ammonium groups thereinto. The capacity of the ion-exchange 

25 groups introduced can be determined by the amount of the 
graft chains introduced. The graft polymerization may be 
conducted by the use of a monomer such as acrylic acid, 
styrene, glicidyl methacrylate, sodium styrenesulf onate or 
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chloromethylstyrene, or the like. The amount of the graft 
chains can be controlled by adjusting the monomer 
concentration, the reaction temperature and the reaction 
time. Thus, the degree of grafting, i.e. the ratio of the 
5 weight of the non-woven fabric after graft polymerization to 
the weight of the non-woven fabric before graft 
polymerization, can be made 5 00% at its maximum. 
Consequently, the capacity of the ion-exchange groups 
introduced after graft polymerization can be made 5 meq/g at 

10 its maximum. 

The non-woven fabric carrying a strongly acidic cation- 
exchange group can be prepared by the following 
method : method . As in the case of the non-woven fabric 
carrying a strongly basic anion- exchange group, a polyolefin 

15 non- woven fabric having a fiber diameter of 20-50 pm and a 
porosity of about 90% is subjected to the so-called 
radiation graft polymerization comprising y -ray irradiation 
onto the non-woven fabric and the subsequent graft 
polymerization, thereby introducing graft chains; and the 

20 graft chains thus introduced are then treated with a heated 
sulfuric acid to introduce sulfonic acid groups thereinto. 
If the graft chains are treated with a heated phosphoric 
acid, phosphate groups can be introduced. The degree of 
grafting can reach 500% at its maximum, and the capacity of 

25 the ion-exchange groups thus introduced after graft 
polymerization can reach 5 meq/g at its maximum. 

The base material of the ion exchanger 92 may be a 
polyolefin such as polyethylene or polypropylene, or any 
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other organic polymer. Further, besides the form of a non- 
woven fabric, the ion exchanger may be in the form of a 
woven fabric, a sheet, a porous material, or short fibers, 
etc. When polyethylene or polypropylene is used as the base 
5 material, graft polymerization can be effected by first 
irradiating radioactive rays ( y -rays and electron beam) 
onto the base material (pre- irradiation) to thereby generate 
a radical, and then reacting the radical with a monomer, 
whereby uniform graft chains with few impurities can be 

10 obtained. When an organic polymer other than polyolefin is 
used as the base material, on the other hand, radical 
polymerization can be effected by impregnating the base 
material with a monomer and irradiating radioactive rays 
(y-rays, electron beam and UV-rays) onto the base material 

15 (simultaneous irradiation) . Though this method fails to 
provide uniform graft chains, it is applicable to a wide 
variety of base materials. 

By using a non-woven fabric having an anion- exchange 
group or a cation-exchange group as the ion exchanger 92, it 

20 becomes possible that pure water or ultrapure water, or a 
liquid such as an electrolytic solution can freely move 
within the non-woven fabric and easily arrive at the active 
points in the non-woven fabric having a catalytic activity 
for water dissociation, so that many water molecules are 

25 dissociated into hydrogen ions and hydroxide ions. Further, 
by the movement of pure water or ultrapure water, or a 
liquid such as an electrolytic solution, the hydroxide ions 
produced by the water dissociation can be efficiently 



carried to the surfaces of the processing electrodes 86, 
whereby a high electric current can be obtained even with a 
low voltage applied. 

According to this embodiment, the processing electrodes 
5 86 are connected to the cathode of a power source 48 and the 
feeding electrodes 88 are connected to the anode of the 
power source 48. This applies to processing of e.g. copper, 
because electrolytic processing of copper proceeds on the 
cathode side. Depending upon the material to be processed, 

10 the feeding electrode may be connected to the cathode of the 
power source, and the processing electrode may be connected 
to the anode. Thus, when the material to be processed is 
copper, molybdenum, iron, or the like, the electrolytic 
processing action occurs on the cathode side, and therefore 

15 the electrode connected to the cathode of the power source 
becomes a processing electrode, and the electrode connected 
to the anode becomes a feeding electrode. On the other 
hand, when the material to be processed is aluminum, 
silicon, or the like, the electrolytic processing action 

2 0 occurs on the anode side, and therefore the electrode 
connected to the anode of the power source becomes a 
processing electrode and the electrode connected to the 
cathode becomes a feeding electrode . 

By thus providing the processing electrodes 86 and the 

25 feeding electrodes 88 alternately in the Y direction (see 
FIG. 5) of the processing table 46, provision of a feeding 
section for feeding electricity to the conductive film 
(portion to be processed) of the substrate W is no longer 
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necessary, and processing of the entire surface of the 
substrate W becomes possible. Further, by changing the 
positive and negative of the voltage applied between the 
processing electrodes 86 and the feeding electrodes 88 in a 
5 pulse form, it becomes possible to dissolve the electrolysis 
products, and improve the flatness of the processed surface 
through the multiplicity of repetition of processing. 

With respect to the processing electrodes 86 and the 
feeding electrodes 88, oxidation or dissolution thereof due 

10 to an electrolytic reaction may be a problem. In view of 
this, as a material for the electrodes, it is possible to 
use, besides the conventional metals and metal compounds, 
carbon, relatively inactive noble metals, conductive oxides 
or conductive ceramics, preferably. A noble metal-based 

15 electrode may, for example, be one obtained by plating or 
coating platinum or iridium onto a titanium electrode, and 
then sintering the coated electrode at a high temperature to 
stabilize and strengthen the electrode. Ceramics products 
are generally obtained by heat-treating inorganic raw 

2 0 materials, and ceramics products having various properties 
are produced from various raw materials including oxides, 
carbides and nitrides of metals and nonmetals. Among them 
there are ceramics having an electric conductivity. When an 
electrode is oxidized, the value of the electric resistance 

25 generally increases to cause an increase of applied voltage. 
However, by protecting the surface of an electrode with a 
non-oxidative material such as platinum or with a conductive 
oxide such as an iridium oxide, the decrease of electric 



conductivity due to oxidation of the base material of an 
electrode can be prevented. 

As shown in FIG. 8, a passage 94, for supplying a 
processing liquid, such as pure water, preferably ultrapure 
5 water, to the surface (surface to be processed) of the 
substrate W 7 — ie is provided in the interior of the base 90 
of the processing table 46. The passage 94 is connected, 
via a pure water supply tube 96, to a pure water supply 
source (not shown) . Through-holes 86a, which are 

10 communicated with the passage 94, are provided in the 
processing electrodes 88. Pure water, preferably ultrapure 
water (processing liquid) is supplied to the interior of the 
ion exchangers 92 via the through-holes 8 6a. 

Pure water " Pure water" herein refers to a water having 

15 an electric conductivity of not more than 10 pS/cm, for 
example. Ultrapure — "Ultrapure" water refers to a water 
having an electric conductivity of not more than 0.1 \\S/cm, 
for example. The use of pure water or ultrapure water 
containing no electrolyte upon electrolytic processing can 

2 0 prevent extra impurities such as an electrolyte from 
adhering to and remaining on the surface of the substrate W. 
Further, copper ions or the like dissolved during 
electrolytic processing are immediately caught by the ion 
exchangers 92 through the ion-exchange reaction. This can 

25 prevent the dissolved copper ions or the like from re- 
precipitating on the other portions of the substrate W, or 
from being oxidized to become fine particles which 
contaminate the surface of the substrate W. 
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It is possible to use, instead of pure water or 
ultrapure water, a liquid having an electric conductivity of 
not more than 500 pS/cm or an electrolytic solution obtained 
by adding an electrolyte to pure water or ultrapure water. 
5 Further, it is also possible to use, instead of pure water 
or ultrapure water, a liquid obtained by adding a surfactant 
to pure water or ultrapure water, and having an electric 
conductivity of not more than 500 pS/cm, preferably not more 
than 50 pS/cm, more preferably not more than 0.1 yS/cm 

10 (resistivity of not less than 10 MQ-cm) . 

On the other hand, a fixed-abrasive plate 100 composed 
of a fixed abrasive, in this embodiment, is provided in the 
upper surface of each mechanical processing section 82 so 
that the surface of the fixed-abrasive plate 100 constitutes 

15 a processing surface (polishing surface) 100a. The fixed 
abrasive is prepared by dispersing abrasive grains, such as 
ceria or silica, in a binder such as a thermosetting resin, 
e.g. an epoxy resin, a thermoplastic resin, or a core-shell 
type resin, e.g. MBS or ABC-? — an d; and molding the mixture 

20 into a plate. The ratio between abrasive grains, binder and 
pores in the fixed abrasive is, for example, abrasive grains 
: binder : pores = 10-50% : 30-80% : 0-40% (extremes 
included) . The fixed abrasive may also be one prepared by 
fixing a thin layer of a binder containing abrasive grains 

25 on a flexible sheet. 

Such a fixed -abrasive plate 100 provides a hard 
processing surface 100a with which a stable processing rate 
can be obtained while preventing the formation of scratches. 
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Further, the use of pure water not containing abrasive 
grains or a liquid prepared by adding an additive, such as a 
surfactant to pure water in carrying out processing 
(chemical mechanical polishing) enable to reduce the usage 
5 of a polishing liquid which is costly and requires 
troublesome handling. 

It is ideal that all the ion exchangers 92, the feeding 
electrodes 88 and the processing surfaces 100a of the fixed- 
abrasive plates 100, facing a substrate W, contact the 

10 substrate W uniformly during processing. In view of this, 
the upper surfaces of the feeding electrodes 88 and the 
processing surfaces 100a of the fixed- abrasive plates 100 
are set on the same level, and slightly lower than the level 
of the tops of the ion exchangers 92. Accordingly, as shown 

15 in FIG. 9, when pressing the substrate W against the ion 
exchangers 92, the substrate W securely contacts the upper 
surfaces of the feeding electrodes 8 8 and the processing 
surfaces 100a of the fixed-abrasive plates 100. Further, if 
the substrate W is further pressed, the pressing force is 

20 received by the feeding electrodes 88 and the fixed-abrasive 
plates 100. Accordingly, there is no change in the contact 
area between the substrate W - and the ion exchangers 92. 
Thus, according to this embodiment, the substrate W can be 
prevented from tilting and the contact areas between the 

25 substrate W and the ion exchangers 92 can be made uniform. 
This enables a uniform processing. 

A description will now be given of processing of a 
substrate using the substrate processing apparatus. First, 



a cassette housing substrates W, having a surface copper 
film 6 as a conductive film (portion to be processed) as 
shown in FIG. IB, is set in the loading/unloading section 
30, and one substrate W is taken by the transport robot 36 
5 out of the cassette. The transport robot 3 6 transports the 
substrate W to the reversing machine 32, if necessary, where 
the substrate W is reversed so that the front surface with 
the conductive film (copper film 6) formed faces downward. 

The transport robot 36 receives the reversed substrate 

10 W and transports it to the composite processing apparatus 34 
where the substrate W is attracted and held by the substrate 
holder 42. The arm 40 is then pivoted to move the substrate 
holder 42 holding the substrate W to a processing position 
right above the processing table 46. Next, the vertical- 

15 movement motor 50 is actuated to lower the substrate holder 
42 so as to bring the substrate W, held by the substrate 
holder 42, into contact with the surfaces of the ion 
exchange o — exchangers 92 of the processing table 46. The 
substrate holder 42 is further lowered so that the substrate 

20 W, while collapsing the upper portions of the ion exchangers 
92, comes into contact with the upper surfaces of the 
feeding electrodes 88 and the processing surfaces 100a of 
the fixed-abrasive plates 100. 

Next, while rotating the substrate W by the actuation 

25 of the rotating motor 58, the processing table 46 is allowed 
to make a scroll movement by. the actuation of the hollow 
motor 60 and, at the same time, the substrate W is 
reciprocated by the actuation of the reciprocating motor 56. 
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On the other hand, pure water or ultrapure water is supplied 
through the through-holes 86a of each processing electrode 
86 to the ion exchanger 92, thereby impregnating the ion 
exchanger 92 with pure water or ultrapure water and filling 
5 the space between the substrate W held by the substrate 
holder 42 and the processing table 46 with pure water or 
ultrapure water. The pure water or ultrapure water is 
discharged from the ends of the base 90 to the outside. 

A given voltage is applied from the power source 4 8 to 

10 between the processing electrodes 86 and the feeding 
electrodes 88 to carry out electrolytic processing of the 
surface conductive film (copper film 6) of the substrate W 
at the processing electrodes (cathodes) 86 by the action of 
hydrogen ions or hydroxide ions generated by the ion 

15 exchangers 92 . Though processing progresses in those 
portions of the substrate W which face the processing 
electrodes 86, the entire surface of the substrate W can be 
processed by moving the substrate W and the processing 
electrodes 86 relative to each other. Simultaneously with 

20 the electrolytic processing, the surface of the substrate W 
is rubbed with the processing surfaces 100a of the fixed- 
abrasive plates 100 of the mechanical processing sections 82 
in the presence of pure water or ultrapure water to carry 
out mechanical processing of the surface conduction film 

25 (copper film 6) of the substrate W with the fixed abrasive. 

In the case of electrolytic processing (polishing) of a 
copper film using an ion exchanger and electrodes (a 
processing electrode and a feeding electrode) , copper is 



considered to be directly taken in the ion exchanger. In 
some cases, however, a passive film of e.g. Cu 2 0 or CuO is 
formed in a surface of a copper film during electrolytic 
processing. Such a passive film is physically soft and is 
non- conductive, and therefore cannot be removed only by 
electrolytic processing. Further, pits (small holes) can be 
formed in the processed surface. According to the composite 
electrolytic apparatus of this embodiment, a passive film, 
if formed, can be removed by the mechanical processing 
sections 82 using the fixed abrasive, and subsequently the 
processed surface can be re-processed by the electrolytic 
processing sections 84. This enables a low- surface 

pressure, high-rate processing and provides a flatter 
processed surface. Further, the mechanical processing 
sections 82 can remove not only a passive film but film, but 
also gas bubbles, adhering to the substrate W, which would 
cause the formation of pits. 

During electrolytic processing, the monitor section 38 
monitors the voltage applied between the processing 
electrodes 86 and the feeding electrodes 88 or the electric 
current flowing therebetween to detect the end point 
(terminal of processing) . It is noted in this connection 
that in electrolytic processing an electric current (applied 
voltage) varies, depending upon the material to be 
processed, even with the same voltage (electric current) . 
For example, as shown in FIG. 10A, when an electric current 
is monitored in electrolytic processing of a surface of a 
substrate W to which a film of material B and a film of 
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material A are laminated in this order, a constant electric 
current is observed during the processing of material A, but 
it changes upon the shift to the processing of the different 
material B. Likewise, when a voltage applied between the 
5 processing electrodes 86 and the feeding electrodes 88 is 
monitored, as shown in FIG. 10B, though a constant voltage 
is applied between the processing electrodes 86 and the 
feeding electrodes 88 during the processing of material A, 
the voltage applied changes upon the shift to the processing 

10 of the different material B. FIG. 10A illustrates, by way 
of example, a case in which an electric current is harder to 
flow in electrolytic processing of material B compared to 
electrolytic processing of material A, and FIG. 10B 
illustrates a case in which the applied voltage becomes 

15 higher in electrolytic processing of material B compared to 
electrolytic processing of material A. As will be 
appreciated from the above -described example, the monitoring 
of changes in electric current or in voltage can surely 
detect the end point. 

20 Though this embodiment shows the case where the monitor 

section 38 monitors the voltage applied between the 
processing electrodes 86 and the feeding electrodes 88, or 
the electric current flowing therebetween to detect the end 
point of processing, it is also possible to allow the 

25 monitor section 3 8 to monitor a change in the state of the 
substrate being processed to detect an arbitrarily set end 
point of processing. In this case, the end point of 
processing refers to a point at which a desired processing 
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amount is attained for a specified region in a surface to be 
processed, or a point at which an amount corresponding to a 
desired processing amount is attained in terms of a 
parameter correlated with a processing amount for a 
5 specified region in a surface to be processed. By thus 
arbitrarily setting and detecting the end point of 
processing even in the middle of processing, it becomes 
possible to conduct a multi-step electrolytic processing. 

For example, the processing amount may be determined by 

10 detecting a change in frictional force due to a difference 
in friction coefficient produced when a different material 
is reached in a substrate, or a change in frictional force 
produced by removal of irregularities in the surface of the 
substrate. The end point of processing may be detected 

15 based on the processing amount thus determined. During 
electrolytic processing, heat is generated by the electric 
resistance of the surface to be processed, or by collision 
between water molecules and ions moving in the liquid (pure 
water) between the surface to be processed and the 

20 processing surface. In processing e.g. a copper film 
deposited on the surface of a substrate under a controlled 
constant voltage, when a barrier layer or an insulating film 
becomes exposed with the progress of electrolytic 
processing, the electric resistance increases and the 

25 current value decreases, and the heat value decreases. 
Accordingly, the processing amount may be determined by 
detecting the change in the heat value. The end point of 
processing may therefore be detected. Alternatively, the 
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film thickness of a film to be processed on a substrate may 
be determined by detecting a change in the intensity of 
reflected light due to a difference in reflectance produced 
when a different material is reached in the substrate. The 
5 end point of processing may be detected based on the film 
thickness thus determined. The film thickness of a film to 
be processed on a substrate may also be determined by 
generating an eddy current within a conductive film, for 
example, a copper film, and monitoring the eddy current 

10 flowing within the substrate to detect a change in e.g. the 
frequency, thereby detecting the end point of processing. 
Further, in electrolytic processing, the processing rate 
depends on the value of the electric current flowing between 
the processing electrode and the feeding electrode, and the 

15 processing amount is proportional to the quantity of 
electricity, determined by the product of the current value 
and the processing time. Accordingly, the processing amount 
may be determined by integrating the quantity of 
electricity, and detecting the integrated value reaching a 

20 predetermined value. The end point of processing may thus 
be detected. 

After completion of the electrolytic processing, the 
power source 4 8 is disconnected with — from the processing 
electrodes 86 and the feeding electrodes 88. The rotation 
25 and the reciprocating movement of the substrate holder 42, 
and the scroll movement of the processing table 46 are 
stopped. Thereafter, the substrate holder 42 is raised, and 
the substrate W is transferred to the transport robot 36 
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after moving the arm 40. The transport robot 3 6 takes the 
substrate W from the substrate holder 42 and, if necessary, 
transfers the substrate W to the reversing machine 32 for 
reversing it, and then transfers the substrate W to the 
5 cassette in the loading/unloading section 30. 

The ion exchanger 92 should preferably have good water 
permeability. By allowing pure water or ultrapure water to 
pass through the ion exchangers 92, it becomes possible to 
supply a sufficient amount of water to functional groups 
10 (e.g. sulfonic acid groups in a strongly acidic cation 
exchanger) which promote the dissociation reaction of water, 
thereby increasing the amount of dissociated products. 
Furthermore, processing products (including gas) produced by 
a reaction between the portion to be processed and hydroxide 
15 ions (or OH radicals) can be removed by the flow of water, 
thereby increasing the processing efficiency. A water- 
permeable sponge -like member or a member in the form of a 
membrane, such as Nafion (trademark, DuPont Co.), having 
through-holes for permitting water to flow therethrough, for 
2 0 example, is used as such a water-permeable member. 

The use of a fixed abrasive containing abrasive grains 
therein in the mechanical processing section 82 makes it 
possible to carry out mechanical polishing with the 
mechanical processing section 82 and electrolytic processing 
25 with the electrolytic processing section 84 by solely 
supplying pure water, i.e. not supplying a slurry containing 
abrasive grains, and enjoy both — the — mcrita obtain both the 
benefits of electrolytic processing and the mcrita benefits 
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of mechanical processing by the fixed abrasive. The use of 
pure water can facilitate post-processing, such as cleaning, 
of a substrate as well as treatment of the waste liquid. 
Further, the fixed-abrasive plate 100 is unlikely to deform 
5 elastically. Accordingly, it is possible to contact the 
fixed-abrasive plate 10 0 only with raised portions of a 
substrate having a fine pattern of surface irregularities to 
selectively remove the raised portions. 

Further, by providing the electrolytic processing 

10 section 84 and the mechanical processing section 82 
separately, it is possible to selectively use contact 
members for a substrate, such as an ion exchanger, a fixed 
abrasive and the below-described polishing pad, which are 
particularly or selectively suited for the electrolytic 

15 processing section 84 or for the mechanical processing 
section 82. Furthermore, it is possible to change the 
proportion between the electrolytic processing section 84 
and the mechanical processing section 82 in the entire 
processing surface of the processing table so as to change 

20 the proportion between electrolytic processing and 
mechanical processing for a substrate. The apparatus 
construction can thus be optimized for obtaining the best 
flattened processed surface. 

FIG. 11 shows a vertical sectional view of a composite 

25 processing apparatus according to another embodiment of the 
present invention, and FIG. 12 shows a plan view of the 
processing table of the composite processing apparatus shown 
in FIG. 11. The composite processing apparatus 34a of this 



embodiment differs from the composite processing apparatus 
34 of the preceding embodiment in the following respects. 

The composite processing apparatus 34a of this 
embodiment includes a processing table 14 6 which has a 
diameter more than twice the diameter of a substrate W to be 
held by the substrate holder 4 2 — ae d, and which rotates 
(about its own axis) by the actuation of a hollow motor 162. 
Further, above the processing table 14 6 is provided an 
abrasive liquid nozzle 174 as a slurry supply section for 
supplying a slurry (abrasive liquid) onto the upper surface 
of the processing table 146. 

The processing table 14 6 includes a disk- shaped base 
190. On the upper surface of the base 190 are provided 
mechanical processing sections 182, and processing 

electrodes 186 and feeding electrodes 188-, constituting 

which constitute the electrolytic processing sections 184. 
The processing electrodes 18 6 are to be connected, via a 
slip ring 178, to the cathode of a power source 180, and the 
feeding electrodes 188 are to be connected to the anode. An 
upper surface of each processing electrode 186 is covered 
with an ion exchanger 192. Though in this embodiment a 
strip- shaped feeding electrode 188 having a uniform width in 
the radial direction is employed, it is also possible to use 
a fan- shaped one. 

As shown in FIG. 12, the processing electrode 186, 
covered with the ion exchanger 192, has the shape of a fan 
extending in the radial direction of the base 190, and a 
plurality of processing electrodes 186 (3 electrodes are 



shown) are arranged at a predetermined pitch along the 
circumferential direction. Two feeding electrodes 188 are 
disposed on both sides of one processing electrode 186. 
According to this embodiment, the mechanical processing 
5 sections 182, each of which is comprised of a polishing pad 
200 with the upper surface as a processing surface 200a, are 
provided in the entire region, except the processing 
electrodes 186 and the feeding electrodes 188, of the upper 
surface of the base 190. 

10 The area of the processing electrodes 186 is set 

smaller than the area of the mechanical processing sections 
182. By sandwiching each processing electrode 186 between 
two feeding electrodes 188, the feeding electrodes 188 can 
surely contact the surface of a substrate W and feed 

15 electricity thereto when the ion exchanger 192 of the 
processing electrode 186 contacts the substrate W. 
According to this embodiment, the processing electrodes 188 
are to perform processing to passivate the surface of a 
substrate without performing removal processing, such as 

20 polishing, of the substrate surface. 

Commercially available polishing pads (polishing 
cloths) 200 can be — exemplified by , such as SUBA 8 00, IC- 
1000, etc., manufactured by Rodel, Inc . , can be used 

The substrate holder 42, which is to hold a substrate W 

25 and which rotates by the actuation of the rotating motor 58, 
is held at the free end of a pivot arm 144 . The pivot arm 
144 moves vertically via a ball screw 162 by the actuation 
of a vertical -movement motor 160, and is coupled to the 
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upper end of a pivot shaft 166 that rotates by the actuation 
of a pivoting motor 164. 

According to this embodiment, a substrate W — a& W, as 
shown in FIG. iBll, having a surface copper film 6 as a 
5 conductive film (portion to be processed) , is attracted and 
held by the substrate holder 42 of the composite processing 
apparatus 34a, and the pivot arm 144 is pivoted to move the 
substrate holder 42 to a processing position right above the 
processing table 146. Next, the vertical -movement motor 160 

10 is actuated to lower the substrate holder 42 so as to bring 
the substrate W held by the substrate holder 42 into contact 
with the ion exchangers 192, the feeding electrodes 188 and 
the processing surfaces 200a of the polishing pads 200 of 
the processing table 146. 

15 The processing electrodes 186 and the feeding 

electrodes 188 are connected to the power source 18 0 to 
apply a given voltage between the processing electrodes 186 
and the feeding electrodes 188. While rotating the 
substrate holder 42 and the processing table 146, a slurry 

20 (abrasive liquid) is supplied from the abrasive liquid 
nozzle 174 onto the upper surface of the processing table 
14 6 to fill the space between the processing table 14 6 and 
the substrate W held by the substrate holder 42 with the 
o lurry, slurry; thereby carrying out, in the presence of the 

25 slurry, processing to form a passive film in the surface of 
the conductive film (copper film 6) of the substrate in 
contact with the ion exchangers 192 covering the processing 
electrodes 18 6 — aftd — carrying — e** fe, and mechanical polishing 



with the polishing pads 200 to mechanically polish away the 
passive film while feeding electricity from the feeding 
electrodes 188 to the conductive film. The processing of 
re-forming a passive film in the surface of the conductive 
5 film of the substrate and polishing away the passive film is 
carried out repeatedly. By thua Thus, by selectively forming 
a passive film only in the raised portions of a surface 
conductive film of a substrate having a fine pattern of 
surface irregularities and selectively removing the passive 

10 film, the raised portions of the substrate (conductive film) 
can be removed selectively. 

After the completion of electrolytic processing, the 
power source 18 0 is disconnected, the rotations of the 
substrate holder 42 and the processing table 146 are 

15 stopped, and the supply of the slurry is stopped. 
Thereafter, the substrate holder 42 is raised, and the pivot 
arm 144 is pivoted to send the substrate W to the next 
process step. 

It is possible in this embodiment to provide a tub 
20 surrounding the processing table in order to carry out 
processing of a substrate while immersing the electrodes and 
the substrate in a processing liquid (pure water) supplied 
from the processing electrodes. 

The present invention is not limited to ultrapure water 
25 electrolytic processing using an ion exchanger. In the case 
of electrolytic processing using an electrolytic solution, 
in FIGS. 6 through 9, a liquid-permeable scrubbing member, 
such as a sponge or SUBA (trademark of Rodel, Inc.), may be 
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provided on each clcctrodc electrode , and an insulating 
member may be interposed between adjacent electrodes in 
order to prevent passage of electricity. 

Further, instead of providing the feeding electrodes on 
5 the processing table side to feed electricity to a substrate 
as in the above-described embodiments, it is also possible 
to feed electricity from the substrate holder to the bevel 
portion of a substrate. In that case, the processing 
electrodes may not be provided in the processing table, or 

10 all the electrodes on the processing table side may be made 
processing electrodes (cathodes) . 

As described hcrcinabovc above , according to the present 
invention, a physically soft and non- conductive passive 
film, which hao bccn is formed in a surface of a substrate 

15 during processing by the electrolytic processing section, 
can be removed by the mechanical processing section, and 
subsequently the processed surface can be re-processed by 
the electrolytic processing section. This enables a low- 
surface pressure, high-rate processing. Further, by 

20 mechanically processing the substrate surface with the 
mechanical processing section, gas bubbles adhering to the 
substrate surface can also be removed together with the 
passive film. This can securely prevent the formation of 
pits in the processed surface. 

25 FIG. 13 is a layout plan view of a substrate processing 

apparatus incorporating a composite processing apparatus 
according to yet another embodiment of the present 
invention. As shown in FIG. 13, the substrate processing 



apparatus comprises a pair of loading/unloading sections 23 0 
as a carry- in-and-out section for carrying in and out a 
cassette housing, for example, substrates W having a surface 
copper film 6 as a conductive film (portion to be processed) 
as shown in FIG. IB- — a — ; a reversing machine 232 for 
reversing the substrate VJ- t — a; a pusher 234 for transferring 
the substrate — and; and a composite processing apparatus 
236. The composite processing apparatus 236 includes a 
substrate holder 24 6 for holding the substrate W, and a 
processing table 248 having the below-described electrolytic 
processing sections and fixed-abrasive processing sections. 
Located at a position surrounded by the loading/unloading 
sections 230, the reversing machine 232 and the pusher 234, 
a fixed-type transport robot 238 is provided as a transport 
device for transporting and receiving the substrate W to and 
from them. Further, as with the above -de scribed substrate 
processing apparatus, a monitor section 242 is provided for 
monitoring a voltage applied between processing electrodes 
and feeding electrodes, or an electric current flowing 
therebetween during electrolytic processing by the composite 
processing apparatus 236. 

As shown in FIG. 14, the composite processing apparatus 
236 includes a substrate holder 246, suspended from the free 
end of a horizontally-pivotable pivot arm 244, for 
attracting and holding a substrate W face down, down; and a 
disk-shaped processing table 248 including a base 250 formed 
of an insulating material. As . shown in FIGS. 15 and 16, a 
plurality of fixed-abrasive processing sections 254 



comprising a fixed abrasive 252 containing abrasive grains, 
and a plurality of processing electrodes 258 and feeding 
electrodes 260, constituting electrolytic processing 
sections 256, are arranged radially and alternately along 
5 the circumferential direction on the upper surface of the 
base 250. 

According to this embodiment, an ion exchanger 262a is 
mounted on the substrate holder 24 6 side surface (upper 
surface) of each processing electrode 2 58, and an ion 

10 exchanger 262b is mounted on the substrate holder 24 6 side 
surface (upper surface) of each feeding electrode 246. By 
thus mounting the ion exchangers 262a, 262b on the 
processing electrodes 258 and the feeding electrodes 260, it 
becomes possible to use pure water, preferably ultrapure 

15 water as a processing fluid and to prevent a short circuit 
between a processing electrode 258 and a feeding electrode 
260, thereby increasing processing efficiency. 

It is also possible to mount an ion exchanger on only 
one of the processing electrodes 258 and the feeding 

20 electrodes 260. Further, it is possible not to employ an 
ion exchanger in the case of using an electrolytic solution 
as a processing fluid. 

The processing table 248 having the fixed- abrasive 
processing sections 254 and the electrolytic processing 

25 sections 256 , according to this embodiment, has a diameter 
more than twice the diameter of the substrate W to be held 
by the substrate holder 24 6 so that the entire surface of 
the substrate W can be mechanically polished and 



electrolytically processed. 

According to this embodiment, the fixed abrasive 252 of 
each fixed-abrasive processing section 254 has a surface 
roughness of not more than 10 jam. Further, processing is 
5 carried out by pressing surfaces (upper surfaces) of the 
fixed abrasives 252 and surfaces of the ion exchangers 2 62a, 
262b, respectively mounted on the processing electrodes 258 
and the feeding electrodes 260, against the surface 
conductive film 6 (see FIG. IB) as a conductive film of the 

10 substrate W held by the substrate holder 246. During 
processing, a pressure (surface pressure) of not more than 
10 psi (69 kPa) is applied between the substrate W and fixed 
abrasives 252, between the substrate W and the ion 
exchangers 2 62a mounted on processing electrodes 2S3 -258 , and 

15 between the substrate W and the ion exchangers 262b mounted 
on feeding electrodes 260. 

Mechanical polishing with the fixed abrasive 252 
involves the formation of defects, such as scratches having 
a depth, pits, etc., in a surface of a workpiece. The 

20 defects should desirably be of such a degree as can be 
removed by electrolytic processing with the electrolytic 
processing section 256. For example, polishing of a copper 
surface with a fixed abrasive 252 having a surface roughness 
of 10 pin, as carried out at a surface pressure of 10 psi, 

25 produces scratches having a depth of about 0.3 to 0.5 pm in 
the copper surface. Polishing of a copper surface at the 
same surface pressure but using a fixed abrasive 252 having 
a surface roughness of 5 pm produces scratches having a 
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depth of about 0.2 to 0.3 vim. The depth of scratches that 
can be removed by electrolytic processing with the 
electrolytic processing section 256 is around 0.3 jam, 
preferably less than 0.3 ym. Accordingly, in order to carry 
5 out boot — the most uniform mechanical polishing with the 
fixed abrasive 252 and obtain a cleaner processed surface by 
electrolytic processing with the electrolytic processing 
section 256, the grain size of abrasive grains contained in 
the fixed abrasive 252 is preferably not more that 10 ym. 

10 The processing rate and the processing profile are 

determined especially by the pressure between the processing 
electrodes 258 and a workpiece, or the pressure between the 
fixed abrasives 252 and the workpiece. For a relatively 
soft metal, such as copper interconnects, or a porous low-k 

15 material, it is desirable to apply a low surface pressure so 
as to suppress the formation of scratches. 

The processing according to this embodiment mainly uses 
electrolytic processing (electrochemical processing) , which 
involves little formation of scratches, and uses mechanical 

20 processing with the fixed abrasive 252 as an auxiliary means 
to provide fine scratches in a surface of a workpiece. 
Thus, the fixed abrasive 252 is not used for mechanical 
polishing. By providing fine scratches in the entire 
surface of a workpiece by mechanical processing with the 

25 fixed abrasive 252, a local concentration of electric field 
in electrolytic processing with the electrolytic processing 
section 256 can be moderated, thus enabling a uniform, 
highly-flat processing. 



The depth of scratches provided in a workpiece is 
determined by the surface roughness of the fixed abrasive 
252 and the surface pressure. According to this embodiment, 
as described above, the depth of scratches provided in a 
5 copper surface can be made not more than about 0.3 to 0.5 pm 
by carrying out polishing at a surface pressure of not more 
than 10 psi using a fixed abrasive 252 having a surface 
roughness of not more than 10 jam. Scratches having such a 
depth can be removed by electrolytic processing with the 

10 electrolytic processing section 256. Further, the use of a 
surface pressure of not more than 10 psi for the processing 
electrodes 258 and the feeding electrodes 260 can respond to 
the demand for suppressed formation of scratches . 

Electrolytic processing may also be carried out by 

15 bringing the ion exchangers 262a, 262b, mounted on the 
processing electrodes 258 and the feeding electrodes 2 60, 
close to the substrate W without contact. 

As shown in FIG. 14, the pivot arm 244 is coupled to 
the upper end of a pivot shaft 266 which moves vertically 

20 via a ball screw 362 by the actuation of a vertical -movement 
motor 3 60 and rotates by the actuation of a pivoting motor 
264. The substrate holder 246 is connected to a rotating 
motor 268 mounted on the free end of the pivot arm 244, and 
rotates (about its own axis) by the actuation of the 

25 rotating motor 268. 

The processing table 248 is connected directly to a 
hollow motor 27 0 and rotates (about its own axis) by the 
actuation of the hollow motor 270. In the center of the 



base 250 of the processing table 248, a through-hole 248a is 
provided as a liquid supply section for supplying a liquid, 
such as an electrolytic solution or pure water, preferably 
ultrapure water. The through-hole 248a is connected to a 
5 liquid supply pipe 272 extending in the hollow portion of 
the hollow motor 270. The liquid, such as pure water, 
preferably ultrapure water, is supplied through the through- 
hole 248a to the ion exchangers 262a, 262b which are water- 
absorptive, and then supplied through the ion exchangers 

10 262a, 262b to the entire processing surface. It is also 
possible to provide a plurality of through-holes 248a 
connected to the liquid supply pipe 272 so that the 
processing liquid can easily spread over the entire 
processing surface . 

15 Located above the processing table 24 8, a nozzle 274, 

extending in the radial direction of the processing table 
248, is provided as a liquid supply section for supplying a 
liquid, such as an electrolytic solution or pure water 
(ultrapure water) . Thus, a liquid, such as an electrolytic 

20 solution or pure water (ultrapure water) , can be supplied 
from above and below simultaneously to the surface of the 
substrate W. 

According to this embodiment, as shown in FIG. 14, the 
processing electrodes 258 are to be connected, via a slip 
25 ring 278, to the cathode of a power source 28 0, and the 
feeding electrodes 260 connected to the anode of the power 
source 280. By thus providing the processing electrodes 258 
and the feeding electrodes 260 alternately along the 



circumferential direction of the processing table 48, it 
becomes possible to eliminate a fixed feeding section for 
feeding electricity to a conductive film (material to be 
processed) of a substrate, thus enabling processing of the 
5 entire surface of the substrate. 

A description will now be given of processing 
(electrolytic processing) of a substrate by the substrate 
processing apparatus. First, a substrate W as shown in FIG. 
IB, having a surface copper film 6 as a conductive film 

10 (portion to be processed) , is taken by the transport robot 
238 out of a cassette housing such substrates W and set in 
the loading/unloading section 23 0 and, as necessary, the 
substrate W is transported to the reversing machine 232 to 
reverse the substrate W so that its front surface having the 

15 conductive film (copper film 6) faces downward. Next, the 
substrate W with its front surface downward is transported 
by the transport robot 238 to the pusher 234 and placed on 
it. 

The substrate W placed on the pusher 234 is attracted 
20 and held by the substrate holder 42 of the composite 
processing apparatus 236, and the pivot arm 244 is pivoted 
to move the substrate holder 246 to a processing position 
right above the processing table 248. Next, the vertical- 
movement motor 360 is actuated to lower the substrate holder 
25 24 6 so as to bring the substrate W held by the substrate 
holder 246 into pressure contact with the fixed abrasives 
252, the ion exchangers 262a mounted on the processing 
electrodes 258 and the ion exchangers 262b mounted on the 



feeding electrodes 260 of the processing table 248. The 
pressures (surface pressures) of the fixed abrasives 252 and 
the ion exchangers 262a, 262b are made not more than 10 psi 
(69 kPa) . 

5 It is also possible to bring one or both of the ion 

exchangers 262a, 262b close to the surface of the substrate 
W. 

The processing electrodes 258 and the feeding 
electrodes 260 are connected to the power source 2 80 to 

10 apply a given voltage between the processing electrodes 258 
and the feeding electrodes 260. While rotating the 
substrate holder 246 and the processing table 248, pure 
water, preferably ultrapure water is supplied through the 
through-hole 24 8a to the upper surface of the processing 

15 table 248 from below the processing table 248 and, at the 
same, pure water, preferably ultrapure water is supplied 
from the nozzle 274 to the upper surface of the processing 
table 24 8 from above the processing table 248, thereby 
filling the space between the processing electrodes 258, the 

20 feeding electrodes 260 and the substrate W with pure water, 
preferably ultrapure water. 

By the above operation, the surface conductive film 
(copper film 6) of the substrate W is mechanically polished 
upon its contact with the fixed abrasives 2 92 of the fixed- 

25 abrasive processing sections 254 while the surface 
conductive film (copper film 6), serving as an anode, is 
electrolytically processed upon its contact with the ion 
exchangers 262a mounted on the processing electrodes 258 



connected to the cathode of the power source. By rotating 
both the substrate holder 246 and the processing table 248, 
the mechanical polishing and the electrolytic processing can 
be carried out over the entire surface of the substrate W. 
5 As with the above-described substrate processing 

apparatus, a voltage applied between the processing 
electrodes 258 and the feeding electrodes 260 — e g, or an 
electric current flowing therebetween may be monitored with 
the monitor section 242 to detect the end point of 

10 processing. 

After the completion of processing, the power source 
280 is disconnected from the processing electrodes 258 and 
the feeding electrodes 260, and the rotations of the 
substrate holder 246 and the processing table 24 8 are 

15 stopped. Thereafter, the substrate holder 246 is raised and 
the pivot arm 244 is pivoted to transfer the substrate W to 
the pusher 234. The transport robot 238 receives the 
substrate W from the pusher 234 and, as necessary, 
transports the substrate W to the reversing machine 232 to 

20 reverse the substrate W. Thereafter, the transport robot 
238 returns the substrate W to the cassette of the 
loading/unloading section 230. 

By thus supplying pure water, preferably ultrapure 
water between the processing table 248 and the substrate W, 

25 impurities such as an electrolyte can be prevented from 
attaching to and remaining on the surface of the substrate 
W, and contamination of the surface of the substrate W with 
dissolved copper ions and the like can be prevented, as in 



the above-described embodiments. 

Though ultrapure water is hard to pass electric current 
because of its high resistivity, the electric resistance can 
be reduced by making the distance between an electrode and a 
5 workpiece as short as possible or by interposing an ion 
exchanger between an electrode and a workpiece. The use of 
an electrolytic solution, instead of ultrapure water, can 
further lower the electric resistance and reduce the power 
consumption. In electrolytic processing using an 

10 electrolytic solution, a workpiece is processed over a wider 
area than the workpiece- facing area of a processing 
electrode. In contrast, in electrolytic processing using 
ultrapure water and an ion exchanger, because of little 
passage of electric current in ultrapure water, a workpiece 

15 is processed only within the area facing the ion exchanger 
(processing electrode) . 

Though this embodiment uses pure water or ultrapure 
water and the ion exchangers 262a, 262b mounted on the 
processing electrodes 258 and the feeding electrodes 260, it 

20 is possible to use, instead of pure water or ultrapure 
water, an electrolytic solution prepared by adding an 
electrolyte to pure water or ultrapure water, and not to 
mount any ion exchanger on the processing electrodes 258 and 
the feeding electrodes 260. The use of an electrolytic 

25 solution can lower the electric resistance and reduce the 
power consumption. Examples of the electrolyte include a 
neutral salt, such as NaCl or Na 2 S0 4/ an acid, such as HC1 
or H 2 S0 4 , and an alkali, such as ammonia. A suitable 



electrolyte may be selected depending on the properties of 
the workpiece. 

Further, as described previously, it is also possible 
to use, instead of pure water (ultrapure water) , a liquid 
having an electric conductivity of not more than 500 jiS/cm, 
preferably not more than 50 pS/cm, more preferably not more 
than 0.1 ]iS/cm (resistivity of not less than 10 MQ-cm), 
prepared by adding e.g. a surfactant to pure water 
(ultrapure water) . 

FIG. 17 shows another processing table 248. According 
to the The processing table 24 8 — has two linearly-extending 
processing electrodes 258a and two linearly- extending 
feeding electrodes 260a, each processing electrode 258a and 
each feeding electrode 260a being at right angles to each 
other, which are disposed on the base 250 symmetrically with 
respect to the center of the base 250. Further, a total of 
four fan- shaped fixed abrasives 252a are disposed in the 
areas between the processing electrodes 258a and the feeding 
electrodes 260a. It is, of course, possible to mount an ion 
exchanger on the processing electrodes 258a and the feeding 
electrodes 260a. 

FIG. 18 shows yet another processing table 248. 

According — fee feh eThe processing table 24 8-? has four 

linearly-extending fixed abrasives 254b which are disposed 
on the base 250 symmetrically with respect to the center of 
the base 250. In the areas between the fixed abrasives 
254b, two fan-shaped processing electrodes 258b and two fan- 
shaped feeding electrodes 260b are disposed alternately 



along the rotating direction of the processing table 248. 
It is, of course, possible to mount an ion exchanger on the 
processing electrodes 258b and the feeding electrodes 260b. 
The shape, number, etc. of the fixed abrasives, 
5 constituting the fixed-abrasive processing sections, and of 
the processing electrodes and the feeding electrodes, 
constituting the electrolytic processing section, can thus 
be appropriately selected depending upon the workpiece. 

FIGS. 19 and 20 show a composite processing apparatus 

10 according to yet another embodiment of the present 
invention. The composite processing apparatus 3 00 includes 
a processing chamber 3 02 for holding a liquid such as pure 
water, preferably ultrapure water, and preventing scattering 
of the liquid. In the processing chamber 3 02, a substrate 

15 holder 304, for detachably holding a substrate W with its 
front surface (surface to be processed) facing upwardly 
(face up) , is disposed such that the substrate W held by the 
substrate holder 3 04 becomes immersed in the liquid, such as 
pure water, supplied into the processing chamber 302. 

20 A processing table 306, which is rotatable by a motor 

3 08 and is vertically movable, is disposed above the 
substrate holder 304. The processing table 306 includes a 
base 310 formed of an insulating material. As shown in FIG. 
20, a fixed-abrasive processing section 314 composed of a 

25 fixed abrasive 312, and a processing electrode 318 and a 
feeding electrode 320, constituting an electrolytic 
processing section 316, are detachably mounted to the lower 
surface of the base 310. A #3000 alumina abrasive sheet 



having a surface roughness of 4 . 4 ym or a #8000 diamond 
abrasive sheet having a surface roughness of 0.5 ym (both 
manufactured by Sumitomo 3M Ltd.), for example, may be used 
as the fixed abrasive 312. The processing electrode 318 and 
the feeding electrode 320 are arranged in a line on the 
opposite sides of the center of the base 310 with a 
predetermined spacing, for example, about 3mm. The fixed 
abrasive 312 is disposed close to and parallel to the 
processing electrode 318 on the upstream side of the 
processing electrode 318 along the rotating direction of the 
processing table 306. 

Ion exchangers 322a, 322b, each composed of e.g. a two- 
layer laminate of: an ion exchanger comprising a 
polyethylene non-woven fabric with a sulfonic acid group 
introduced by graft polymerization; and a surface sheet-like 
ion exchanger, Nafion 117 (manufactured by DuPont) , are 
mounted on the substrate holder 3 04 side surfaces of the 
processing electrode 318 and the feeding electrode 320. The 
processing electrode 318 is to be connected to the cathode 
of a power source 324, and the feeding electrode 320 is to 
be connected to the anode of the power source 324. 

Further, a liquid nozzle 326 for supplying a liquid, 
such as ultrapure water, to the substrate W held by the 
substrate holder 304, is disposed in the processing chamber 
302. 

According to this embodiment, after the substrate W is 
held by the substrate holder 304, the processing table 306 
is lowered so as to press the fixed abrasive 312 and the ion 



exchangers 322a, 322b, mounted respectively on the 
processing electrode 318 and the feeding electrode 320, 
against the surface of the substrate W at a surface pressure 
of e.g. 10 psi (69kPa) . While thus pressing on the 
substrate W and rotating the processing table 306, a liquid, 
such as ultrapure water, is supplied from the liquid nozzle 
326 to the substrate W. During the operation, the 
processing chamber 302 is filled with the liquid, such as 
ultrapure water, to prevent scattering of the liquid. The 
processing electrode 318 is connected to the cathode of the 
power source 324 and the feeding electrode 320 is connected 
to the anode of the power source 324, thereby carrying out 
mechanical processing with the fixed abrasive 312 of the 
fixed- abrasive processing section 314 . and electrolytic 
processing with the processing electrode 318 of the 
electrolytic processing section 316 simultaneously in such a 
manner that immediately after a surface portion of the 
substrate W is polished by the fixed abrasive 312, the 
surface portion is electrolytically processed by the 
processing electrode 318. 

It is also possible not to provide a processing 
chamber, and to allow the liquid, supplied to the surface of 
a substrate held by the substrate holder, to flow outwardly 
on the substrate surface to the outside. 

As described hcroinabovc above , the present invention, 
by the combination of mechanical polishing processing with a 
fixed abrasive and electrolytic processing with ultrapure 
water or an electrolytic solution, can reduce the load on 



treatment of waste liquid, such as an abrasive slurry or a 
cleaning liquid, and can considerably enhance the processing 
properties, such as processing rate and flatness of the 
processed surface. 
5 Examples 1 and 2 

Composite electrolytic processing of a copper plated 
film was carried out using the composite processing 
apparatus 300 shown in FIGS. 19 and 20. The processing 
table 3 06 of the composite processing apparatus included, on 

10 the lower surface of the base 310, the processing electrode 
318 and the feeding electrode 320 respectively having, 
mounted thereon, ^he — ion exchangers 322a, 322b which are 
composed of a two- layer laminate of: an ion exchanger 
comprising a polyethylene non-woven fabric with a sulfonic 

15 acid group introduced by graft polymerization; and a surface 
sheet-like ion exchanger, Nafion 117 (manufactured by 
DuPont)- — and also included the The apparatus also includes 

a fixed abrasive 312 which is either a #3000 alumina 

abrasive sheet having a surface roughness of 4.4 \im (Example 

20 1) or a #8000 diamond abrasive sheet having a surface 
roughness of 0.5 ym (Example 2). 

A wafer substrate (50 0) having a thin surface 
conductive film (copper) was prepared as a test sample. 
Ultrapure water having a resistivity of not less than 18 

25 MQ-cm was used as a processing liquid. The ultrapure water 
was supplied from the liquid nozzle 32 6 into the processing 
chamber 3 02 and held in it, while the sample (substrate W) 
was attracted and held by the substrate holder 3 04 and 



immersed in the ultrapure water to carry out processing of 
the sample in the following manner. 

While rotating the processing table 3 06 at 2 00 rpm by 
the motor 308, the processing electrode 318 and the feeding 
electrode 320 were connected to a constant -current, 
constant-voltage power source 324, thereby carrying out 
electrolytic processing of the copper plated film at a 
constant current of 0.3 A for 90 seconds. After the 
processing, the thickness of the remaining film was measured 
to determine the processing rate. The film thickness was 
determined by measuring the resistivity using a 4 -probe 
resistivity meter and converting the measured resistivity 
into a film thickness. 

FIG. 21 shows the processing profiles of the 
processings carried out a sample processed by using, as the 
fixed abrasive 312, the #3000 alumina abrasive sheet 
(Example 1) and the #800 0 diamond abrasive sheet (Example 
2) , together with the processing profile of processing as 

carried ettfe a sample processed only by electrolytic 

processing without using a fixed abrasive (Comparative 
Example) . As can be seen from the data in FIG. 21, the 
processing rate is higher in Examples 1 and 2 compared to 
the case of solely carrying out electrolytic processing 
(Comparative Example) . 

FIG. 22 shows laser micrographs of the sample (wafer) 
surfaces after the proccQoings processing in accordance with 
Examples 1 and 2. As apparent from FIG. 22, the sample of 
Example 1 has scratches having a depth of about 0.1 jam but 



in small numbers, while the sample of Example 2 shows a flat 
processed surface. 
Examples 3 and 4 

The same sample as used in Examples 1 and 2 was 
5 prepared, and processing of the copper plated film was 
carried out using the composite processing apparatus shown 
in FIGS. 19 and 20. Processing was carried in the following 
two-step manner: First, mechanical polishing with the fixed 
abrasive 312 was carried out by using a processing table 306 

10 having, on the base 310, only the fixed abrasive 312 which 
is either a #3 000 alumina abrasive sheet having a surface 
roughness of 4.4 \xm (Example 3) or a #8000 diamond sheet 
having a surface roughness of 0.5 jam (Example 4). After 
completion of the mechanical polishing, electrolytic 

15 processing with the processing electrode 318 was carried out 
by using a processing table 306 having, on the base 310, 
only the processing electrode 318 and the feeding electrode 
320 respectively having, mounted thereon, the ion exchangers 
322a, 322b composed of a two-layer laminate of: an ion 

2 0 exchanger comprising a polyethylene non- woven fabric with a 
sulfonic acid group introduced by graft polymerization; and 
a surface sheet-like ion exchanger, Nafion 117 (manufactured 
by Dupont) . 

The mechanical polishing with the fixed abrasive 312 
25 [#3000 alumina abrasive sheet (Example 3) or #8000 diamond 
abrasive sheet (Example — 4-H - (Example 4) was carried out for 
30 seconds in ultrapure water having a resistivity of 18 
MQ • cm by rotating the processing table 306 at 200 rpm by the 
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motor 306. The surface of the sample (wafer) after 
processing was observed under a laser microscope. The 
subsequent electrolytic processing was carried out for 90 
seconds in ultrapure water having a resistivity of 18 MQ-cm 
5 by passing a constant current of 0.3 A between the 
processing electrode 318 and the feeding electrode 320 while 
rotating the processing table at 200 rpm. The surface of 
the sample (wafer) after processing was observed under a 
laser microscope. 

10 FIG. 23 shows the results of the laser microscope 

observation. As can be seen from FIG. 23, in the case of 
Example 3, the processing with the fixed abrasive, i.e. the 
#3000 alumina abrasive polishing sheet, produces scratches 
having a roughness of 0.2 to 0.27 p in the surface of the 

15 sample (wafer) . The number of scratches can be decreased 
and the roughness of the remaining scratches can be lowered 
to not more than 0.1 jam by the subsequent electrolytic 
processing. In the case of Example 4, while the processing 
with the fixed abrasive, i.e. the #8000 diamond abrasive 

20 polishing sheet, produces scratches having a roughness of 
about 0.1 vim in the surface of the sample, a flat processed 
surface with almost no scratches left can be obtained by the 
electrolytic processing. 

Though the use of a fixed abrasive (polishing sheet) 

25 with a large grain size may increase the processing rate in 
composite electrolytic processing, scratches cannot be fully 
removed by electrolytic processing. It is very difficult to 
remove deep scratches having a depth of not less than 0.5 pm 
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by electrolytic processing into a flat surface. 
Accordingly, when carrying out composite electrolytic 
processing of such a workpiece as a copper-plated water for 
which high processing accuracy and surface flatness are 
required, using one type of fixed abrasive, it is desirable 
to use a #8000 or higher fixed abrasive (#8000: abrasive 
grain size not more than 1 jam and surface roughness 0.5 urn). 
An ideal process may first employ a relatively rough fixed 
abrasive, e.g. a #3000 fixed abrasive, from the viewpoint in 
view of the high processing rate, then employ a relatively 
fine fixed abrasive, e.g. a #8000 fixed abrasive, and carry 
out finishing only by electrolytic processing without using 
a fixed abrasive. 

While the present invention has been described with 
reference to the embodiments thereof, it will be appreciated 
by those skilled in the art that changes could be made to 
the embodiments within the technical concept of the present 
invention. 



Induotrial Applicability 

The present invention rclatco to a compooitc procoooing 
apparatuo — and method useful — for flattening a — surface of an 
electric — conductor — (conductive — material) — embedded — ift — fine 
interconnect recesses provided in a surface of a substrate, 
ouch — as — a — semiconductor — wafer, — thereby — forming — embedded 
interconnects . 
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ABSTRACT 

The prcGcnt invention rolatoo to A composite processing 
5 apparatus which can securely process a conductive material, 
such as a copper film, at a low surface pressure and a high 
rate while effectively preventing the formation of pits is 
disclosed . The composite processing apparatus e£ — thio 
invention — including : includes : a substrate holder ( 4 2) — for 

10 holding a substrate — a processing table ( 4 6) — including a 
mechanical processing section ( 8 2) — for processing a surface 
of the substrate -W — by a processing method involving a 

mechanical action-? an d; and an electrolytic processing 

section ( 8 4) , — provided ocparatcly which is separate from the 

15 mechanical processing section and having . The electrolytic 
processing section includes a processing electrode — ( 8 6) 
provided with an ion exchanger — (92) , for processing the 
substrate 4W^ — by applying a voltage between the processing 
electrode ( 86 ) — and the substrate — W- while keeping the ion 

20 exchanger (92) in contact with the substrate — — a . The 
composite processing apparatus also includes a liquid supply 
section (94) — for supplying a liquid between the substrate 
4W) — and the processing electrode — ( 8 6) , and between the 
substrate -W — and the mechanical processing section — (9 4 ) ; 

25 and a drive section for moving the substrate — and the 
processing table (46) relative to each other. 



